Abstract. -We present results on Barkhausen noise power spectrum in polycrystalli.ne 3 % SiFe, measured in the central part of the hysteresis loop as a function of permeability /I and magnetization rate I , in the range 2.6 x lo3 5 p / po 5 5.5 x lo4, 1.5 x ~o -~T s -' 5 I 5 5 TS-'. The parameters describing the spectrum shape exhibit definite power law dependences on both /I and I .
Introduction
Barkhausen (B.) effect consists in the small irreversible changes in magnetization which occur when ferromagnetic specimens are subjected to smoothly changing fields. The noise induced in a suitable search coil, and measurable with amplifiers, is called B. noise.
B. noise is a key tool in order to clarify the relationship between the macroscopic behavior of hysteresis loop and the dynamics of domain walls. In fact it gives information about stocasticity of Bloch wall motion through statistical parameters which can be related to physical quantities characterizing the magnetic hysteresis (permeability, average magnetization rate). Unfortunately the phenomenology of B. effect is complicated by the fact that different magnetization processes take place along the hysteresis loop, depending on the value of the magnetization I : domain wall motion for low I, domain creation and annihilation when I approches the saturation value. Experimental and theoretical investigations in the past have usually not separated these two contributions, averaging B. noise properties over the hysteresis loop. As recently proposed in 11-37, these difficulties can be overcome by restricting the measurements to a central part of the hysteresis loop, around I = 0. In this context, the relationship between the noise behavior and domain wall motion can be theoretically studied in rigorous terms [2-41. The theory predicts the dependence of the noise power spectrum on the magnetization rate I and the differential permeability p. Following this point of view, here we present measurements of B. noise power spectrum which have been performed on polycrystalline 3 % SiFe, in a wide range of values for I and p. In view of obtaining a complete picture of the material behavior vs. I and p, p was changed between 2 500 and 55 000 po (po being the vacuum permeability), by varying the degree of flux closure at the sample ends, while I was controlled by the frequency of the applied field, from 1.5 x ~o -~T s-I to T s-l.
Results a n d conclusions
Here we present results concerning the experimental power spectrum F ( w ) of the B. flux rate a. In figures 1, 2 we show typical examples of F (w) for fixed permeability and diffdrent magnetization rates (Fig. 1 ) and fixed magnetization rate and different permeabilities (Fig. 2) . The spectra are normalized with respect to the average flux rate (4) = SI, where S is the sample cross section. At high analysis frequencies all the spectra tend to have a 1 / u 2 dependence and follow the law F ( w ) E kI / w2, i9 accordance with previous literature results [5, 61 . A remarkable feature of the present measurements is that k is independent of p. This result confirms those obtained in [I] for a different material and is in agreement with the theory developed in [2, 3] , suggesting that k depends directly on intrinsic microstructural properties of the investigated material.
Figures 1, 2 also show that the frequency w, corresponding to the spectrum maximum F, decreases, either with increasing the permeability (Fig. 1) or Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888865
The dependence of Fm on ~i is analysed in figure 3 for five different permeability values. At low I, F,/SI is constant and begins to decrease for S I > V. Remarkably enough at any I the dependence of Fm on p takes a simple form, which is Fm cc p3I2. Computer simulations [3] show that this again is in accordance with the theory assuming that c cc f i . TS-', the maxima of the spectra were below the minimum analysis frequency accessible to the experiment (see also curve 1 in Fig. 1) . with decreasing the magnetization rate (Fig. 2) . More precisely, it can be shown that approximately wm cc 11/2p-3/4. A theoretical expression for wm is derived in [2] . It agrees with the present result if the correlation length [ there introduced, which roughly speaking is the distance after which the moving domain wall forgets its past, is proportional to &.
Finally we mention the fact that, especially for low I, the experimental power spectra have not exactly the Lorentzian shape expected by the theory [3] . This requires further investigation~. In particular, we expect interesting information from measurements of the distribution of & around its mean value S I .
